SUMMARY The aim of this study was to assess the prevalence of malocclusion and its association with socio-demographic characteristics, caries experience, and level of oral hygiene in 12-to 14-year-old schoolchildren residing in two socio-economically different districts of Tanzania. A total of 1601 children (mean age 13 years, 60.5 per cent girls) attending 16 primary schools in Kinondoni and Temeke districts participated in a clinical examination and were interviewed in school settings. Chi-square and multiple logistic regression models were used to test for statistically signifi cant differences between different groups.
Introduction
Planning orthodontic treatment within a public health system requires information on the prevalence and distribution of malocclusions ( Foster and Menezes, 1976 ) . A malocclusion is defi ned as an irregularity of the teeth or a malrelationship of the dental arches beyond the range of what is accepted as normal ( Walther et al. , 1994 ) . Malocclusion is one of the most common dental problems in mankind, together with dental caries, gingival disease, and dental fl uorosis ( Dhar et al. , 2007 ) . Maloccluded teeth can cause psychosocial problems related to impaired dentofacial aesthetics ( Kenealy et al. , 1989 ) , disturbances of oral function, such as mastication, swallowing, and speech ( Proffi t and Fields, 2000 ) , and greater susceptibility to trauma ( Grimm et al. , 2004 ) and periodontal disease ( Greiger, 2001 ) .
Numerous studies have been published regarding the prevalence of malocclusion in various populations. The results have shown wide variations, with the reported prevalence ranging from 39 to 98 per cent ( Table 1 ) . Differences in the age ranges of the populations studied, ethnicity, and the number of subjects examined could M. MTAYA ET AL. 468 1992 ). In a further study ( Mugonzibwa et al. , 2004 ) considering 869 schoolchildren (3 -16 years) in Dar es Salaam, found an overall prevalence of malocclusion of up to 51 per cent. Recently, the overall prevalence of malocclusion among 289 schoolchildren (12 -15 years) in Moshi was reported to be 97.6 per cent ( Rwakatema et al. , 2006 ) . Thus, earlier reports indicate a wide variation in the prevalence of malocclusion among Tanzanian children.
Previous attempts to investigate a possible association of malocclusion and dental caries have shown confl icting or inconclusive results ( Helm and Petersen, 1989a ; Stahl and Grabowski, 2004 ) . While some authors reported a positive association between malocclusion and dental caries ( Gábris et al. , 2006 ; Nobile et al. , 2007 ) , others could not establish any signifi cant relationship ( Helm and Petersen, 1989a ; Stahl and Grabowski, 2004 ) . Moreover, confl icting results have been obtained in studies considering a possible relationship between malocclusion and various oral hygiene measures ( Ramfjord, 1987 ) . The presence of a positive association between malocclusion and periodontal health has been described by Helm and Petersen (1989b) and Gábris et al. (2006) , yet, other studies found no association when the amount of plaque, calculus, gingivitis, or pocketing was related to various indices of malocclusion ( Katz, 1978 ; Buckley, 1980 ) .
The relationship between dental caries, oral hygiene, and malocclusion has not yet been investigated in Tanzania. Since the Tanzanian oral health policy gives priority to children as a target group for oral health care services ( Ministry of Health, 2002 ) , such information is worthy of consideration. Knowledge concerning the distribution of malocclusion in the child population and the identifi cation of predisposing factors and associated conditions might help in understanding its occurrence and assist public health policy makers improve interventions ( Frazão and Narvai, 2006 ) . Considering the varying prevalence of malocclusion that has been reported among Tanzanian children, the wide age ranges and mixed ethnicity of the investigated groups, the relatively small sample sizes employed, and the fact that many studies have been confi ned to only one district, a large-scale epidemiological study was, therefore, conducted focusing on schoolchildren aged 12 -14 years residing in two socio-economically different districts of Tanzania. This study aimed to assess the prevalence of malocclusion and its distribution by socio-demographic characteristics, dental caries experience, and oral hygiene status.
Subjects and methods

Subjects
The study was carried out in Kinondoni and Temeke districts of the Dar es Salaam region in Tanzania ( Fig. 1 ) . These two districts differ in that Kinondoni (with a higher employment rate, literacy rate, and proportions of the population using electricity) is more affl uent than Temeke ( National Bureau of Statistics, 2004 ) . A stratifi ed proportionate two-stage cluster sampling design with public primary schools as the primary sampling unit was utilized. One thousand six hundred and one (632 boys, 969 girls) primary schoolchildren aged 12 -14 years were randomly selected from 16 schools from a total of 220 public schools. The schools were selected from urban and rural areas of the two districts covering different socio-economic background. Lists of all schoolchildren in the 16 selected schools with information on age and gender were collected from the schools. Selected children fulfi lled the inclusion criteria of being in the defi ned age range of 12 -14 years and in the permanent dentition. Only consenting subjects were included in the study and none of the pupils invited for participation had a history of orthodontic treatment (either interceptive or elective). A detailed description of the sampling procedure has been published previously ( Mtaya et al. , 2008 ) . Ethical approval was obtained from all relevant persons, authorities, and committees in Tanzania. These included written permission from the Research and Publication Committee of the Muhimbili University of Health and Allied Sciences. Permission to work with school children was obtained from Kinondoni and Temeke municipalities, their respective educational authorities, school administrations, parents, and the children.
Interview
Before being clinically examined, the participants completed a questionnaire in a face-to-face interview undertaken by two trained research assistants. The content and performance of the interview has been described in detail previously ( Mtaya et al. , 2007 ) .
Clinical examination
One trained and calibrated examiner (MM) conducted all clinical examinations in a classroom setting with natural daylight as the source of illumination and with an assistant recording the observations. Participants identifi ed with problems that needed treatment were referred or advised to seek treatment at the two municipal hospitals of Kinondoni and Temeke districts. Oral health education sessions were provided for all participants. Before commencing the present investigation, a pilot study on 63 children was performed. Caries experience was assessed in accordance with the criteria by the World Health Organization (1997) . Oral hygiene was assessed using the simplifi ed oral hygiene index (OHI-S) ( Greene and Vermillion, 1964 ) . This index was developed to assess oral hygiene status, by combining the average individual or group debris and calculus scores ( Greene and Vermillion, 1964 ) . Occlusion was registered according to Björk et al. (1964) , with some modifi cations by al- Emran et al. (1990) .
Sagittal molar occlusion. The basic Angle classifi cation was used. The intermaxillary relationship of the fi rst permanent molars was registered as Class I (normal/neutral) when the mesiobuccal cusp of the maxillary fi rst permanent molar occluded with the mesiobuccal groove of the mandibular fi rst permanent molar. A Class II (distal) or Class III (mesial) molar occlusion was recorded when there was deviation of at least one-half cusp width distally or mesially to Class I, respectively. It was recorded as Class I (CL I = 1), II (CL II = 2), and III (CL III = 3) and dichotomized into 0 (CL I) and 1(CL II and III) for use in cross-tabulation and logistic regression analysis. No registration was made when the fi rst permanent molars were missing. 
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Overjet. Overjet is the distance from the most labial point of the incisal edge of maxillary right central incisor to the most labial surface of the corresponding mandibular incisor measured to the nearest half millimetre, using a metal ruler parallel to the occlusal plane. A positive value (maxillary overjet) was recorded if the upper incisor was ahead of the lower incisor and a negative value (mandibular overjet) when the upper incisor was behind the lower incisor. Maxillary overjet was categorized as 1, 1 -4.9 mm (grade 1); 2, 5 -8.9 mm (grade 2); and 3, ≥ 9 mm (grade 3). It was considered increased when the value exceeded 5 mm and dichotomized into 0 < 5 and 1 ≥ 5 mm for use in crosstabulation and logistic regression analyses.
Mandibular overjet was coded as 0, absent; 1, <0 to − 1.9 mm (grade 1); and 2, ≤ − 2 mm (grade 2) and recoded into 0 = absent and 1 = present (1 and 2).
Overbite. Overbite is the vertical overlap of incisors, measured to the nearest half millimetre vertically from the incisal edge of the maxillary right central incisor to the incisal edge of the corresponding mandibular right incisor. If the right central incisor was missing or fractured, it was substituted by the left central incisor. It was coded as 1, 0.1 -2.9 mm (grade 1); 2, 3 -4.9 mm (grade 2); and 3, ≥ 5 mm (grade 3) and then recoded into 0 = absent (<5 mm) and 1 = present ( ≥ 5 mm). It was considered as a deep bite when the value exceeded 5 mm.
Open bite. An AOB was recorded when there was no vertical overlap of the incisors, measured to the nearest half millimetre. A visible space between antagonistic fully erupted canines, premolars, or molars was registered as a lateral open bite. An open bite was coded as 0, absent; 1, 0 -1.9 mm (AOB grade 1); 2, ≥ 2 mm (AOB grade 2); and 3, lateral open bite and recoded into 0 = absent and 1 = present (1, 2, and 3).
Lateral crossbite. A lateral crossbite was registered when one or more buccal cusps of the mandibular canines, premolars, and/or molars occluded bucally to the buccal cusps of the maxillary antagonists, recorded as 1, absent; 2, present unilaterally; or 3, present bilaterally. It was then dichotomized into 0 = absent (1) and 1 = present (2 and 3).
Scissor bite. A scissor bite was registered when any of the maxillary premolars and/or molars totally occluded to the buccal surface of the opposing mandibular teeth, recorded as 1, absent; 2, present unilaterally; or 3, present bilaterally. It was then dichotomized into 0 = absent (1) and 1 = present (2 and 3).
Midline shift. A midline shift was defi ned as noncoincident upper and lower midlines when the posterior teeth were in maximum intercuspation. It was coded as 1, absent and 2, present when the displacement was at least 2 mm or more. It was then recoded into 0 = absent (1) and 1 = present (2).
Crowding.
Crowding was recorded when the total sum of slipped contacts measured in the segment was at least 2 mm. It was coded as 1, absent; 2, present upper jaw; 3, present lower jaw; and 4, present both jaws. It was then recoded into 0 = absent (1) and 1 = present (2, 3, and 4).
Spacing.
Spacing was recorded when the total spacing was at least 2 mm in a segment. It was coded as 1, absent; 2, present upper jaw; 3, present lower jaw; and 4, present both jaws. It was then recoded into 0 = absent (1) and 1 = present (2, 3, and 4).
A sum score of malocclusions was constructed for use in cross-tabulation and logistic regression, based on the diagnosis of the absence (0)/presence (1) of the following recordings: maxillary overjet, mandibular overjet, Class II and Class III molar occlusions, open bite, deep bite, lateral crossbite, scissor bite, midline shift, crowding, and spacing.
Statistical analyses
Data were analysed using the Statistical Package for Social Sciences version 14.0 (SPSS Inc., Chicago, Illinois, USA). Test -retest reliability for the clinical parameters was assessed using Cohen's weighted kappa statistics. Crosstabulation and chi-square statistics were used to assess bivariate relationships. Multivariate analysis was conducted using multiple logistic regression analysis. The P value for statistical signifi cance was set at 0.05.
Test -retest reliability
Duplicate clinical examinations were carried out by the same examiner (MM) on a randomly selected subsample of 71 participants considered to be representative of the study subjects, after a time interval of 3 weeks. Analyses performed on the duplicate examination recordings gave Kappa values of 0.78, 0.79, 0.82, 0.93, and 0.97 for midline shift, deep bite, mandibular overjet, maxillary overjet, and spacing, respectively. The Kappa values for open bite, sagittal molar relationship, crossbite, scissor bite, and crowding were 1. Intraexaminer consistencies for decayed, missing, and fi lled teeth (DMFT) and OHI-S scores gave Kappa values of 0.93 and 0.74, respectively. These fi gures indicate very good intraexaminer reliability ( World Health Organization, 1997 ).
Results
Sample profi le
A total of 1003 children from Kinondoni (63.5 per cent urban, 58.9 per cent girls, mean age 13.1 years) and 598 children from Temeke (82.3 per cent urban, 63.2 per cent girls, mean age 13.0 years) completed an extensive personal interview and underwent a full-mouth clinical examination. The mean DMFT scores were 0.37 [standard deviation (SD) = 0.86] and 0.39 (SD = 0.84) in Kinondoni and Temeke, respectively. Corresponding OHI-S scores were 1.0 (SD = 0.53, range 0.0 -3.3) and 1.2 (SD = 0.54, range 0.0 -4.2). Finger sucking was reported by 12.1 per cent of the total sample. The percentage distribution of participants ' socio-demographic characteristics, DMFT scores, OHI-S score, and sucking habits according to the district of residence are shown in Table 2 .
Prevalence of malocclusion
Overall fi ndings. As shown in Figure 2 , dentitions without any irregularity were found in 36.2 per cent of the children. Thus, 63.8 per cent (62.6 per cent in Kinondoni and 66 per cent in Temeke) of the children had one or several types of the anomalies. The majority of children had one (33 per cent) or two anomalies (21.5 per cent), whereas more than fi ve anomalies were registered in 0.2 per cent of the sample.
Sagittal molar occlusion.
A Class I (normal/neutral) occlusion was observed in 93.6 per cent of the total sample, while Class II (distocclusion) and Class III (mesiocclusion) were recorded in 4.4 and 2.0 per cent, respectively ( Table 3 ) . There were no signifi cant differences in diagnoses between the districts or genders. In 141 schoolchildren, the molar relationship could not be registered due to missing fi rst molars, and they were excluded from the sagittal molar occlusion analysis.
Maxillary overjet. A majority of the children (73.3 per cent) in the total population had a maxillary overjet <5 mm, and the proportion was signifi cantly greater in children from Kinondoni than in those from Temeke (76.4 versus 68.2 per cent, P < 0.001). Overall, an overjet ≥ 5 mm occurred in 11.1 per cent and a severe increased overjet ( ≥ 9 mm) was registered in 0.4 per cent. A mandibular overjet was found in 8.4 per cent of the schoolchildren and 6.8 per cent had an edge-to-edge bite ( Table 3 ) .
Overbite. A normal overbite (grade 1, 0.1 -2.9 mm) was recorded in 65.9 per cent of the total sample, while grade 2 (3 -4.9 mm) and deep bite (grade 3, ≥ 5 mm) were registered in 17.9 and 0.9 per cent, respectively. Furthermore, children in Kinondoni had signifi cantly more overbite grade 2 (3 -4.9 mm) than in Temeke ( P < 0.001, Table 3 ).
Open bite. An AOB was recorded in 15 per cent of the entire sample ( Table 3 ). An AOB <2 mm was found less often in Kinondoni (7.4 per cent) than in Temeke (11.5 per cent, P < 0.001). Moreover, the occurrence of an AOB of <2 mm was signifi cantly higher in girls (10.6 per cent) than in boys (6.3 per cent, P < 0.05). A lateral open bite was registered in 1.1 per cent of all children ( Table 3 ) .
Transverse anomalies. Of the transverse anomalies, a midline shift ( ≥ 2 mm) was recorded in 22.5 per cent of the whole sample ( Table 3 ). In addition, Temeke schoolchildren experienced more midline shift (27.4 per cent) than Kinondoni children (19.6 per cent, P < 0.001). A posterior crossbite was found in 5.1 per cent, while a scissor bite was registered in 14.3 per cent of all children.
Space discrepancies. Overall crowding ( ≥ 2 mm) was found in 14.1 per cent of the sample. No gender or district differences were recorded ( Table 3 ) . Spacing was noted in 21.9 per cent of the subjects. This anomaly was more frequent among children in Kinondoni than in Temeke (24.1 versus 18.2 per cent, P < 0.001).
Dental caries, oral hygiene, socio-demographic variables, and malocclusions. The association between malocclusions, DMFT, OHI-S score, and socio-demographic variables was analysed by cross-tabulation and chi-square test ( Table 4 ) . Possible confounding factors due to strong associations between the explanatory variables were taken into consideration in a multivariate logistic regression analysis ( Table 4 ). In the fi nal models, the district of residence and the DMFT status varied systematically with malocclusion. After controlling for all other variables in the analysis, district varied systematically with an open bite. Compared with Kinondoni children, those from Temeke were 1.8 times more likely to have an open bite. District did not vary systematically with a midline shift in the multivariate logistic regression analysis, although it was signifi cant in the bivariate analysis. Caries experience varied systematically with a midline shift and an open bite. Compared with children without caries experience, those with DMFT >0 were 2.1 times more likely to have a midline shift and 1.7 times more likely to have an open bite. Children with caries experience were also 2.4 and 1.7 times more likely than caries-free children to have an Angle Class II and III molar relationship and to score above zero on the sum score of malocclusion. OHI-S score was not statistically signifi cant in the bivariate analysis but varied systematically with a midline shift in the multiple logistic regression analysis. Thus, compared with children with OHI-S score of zero, those with OHI-S score above zero were less likely to have a midline shift ( Table 4 ) . 
Discussion
Methodological issues
The present research is the fi rst large population-based study considering the prevalence of malocclusion and its relationship with socio-demographic factors, dental caries, and oral hygiene among schoolchildren in Tanzania.
Comparison of the sample characteristics with the Kinondoni and Temeke child population statistics on the markers of gender and parental education suggests that the sample was representative of the population of children aged 12 -14 years in those districts. None of the children had received orthodontic treatment, either by interceptive or by corrective measures. It has been noted that in studies concerning the prevalence of malocclusion, the material should be obtained from a well-defi ned population and be large enough and cover non-orthodontically treated children ( Thilander et al. , 2001 ). The present sample seems to satisfy those requirements.
The clinical registrations were based on the method evolved by Björk et al. (1964) with some modifi cations by al-Emran et al. (1990) . Björk's method has been used in many studies and allows objective comparisons of the presence of malocclusion between different populations. However, comparisons of the present fi ndings with those of other studies must be cautiously undertaken because different methods and indices have been applied in varying age ranges of populations. Moreover, no radiographs or study casts were used in the present investigation. The probability of having under-or overestimated some prevalence estimates such as agenesis, supernumerary teeth, the accuracy of space analysis as well as some details on the deviations of tooth positions cannot be overlooked. It has been shown that records made on the basis of casts seem to give a higher prevalence of deviations than direct recording ( Helm, 1970 ; Heikinheimo, 1978 ) . Nevertheless, given the sample size and the selection criteria used in this study, the fi ndings provide a reasonably accurate indication of the occurrence of malocclusion in 12-to 14-year-old children in Dar es Salaam.
Prevalence of malocclusion
The overall prevalence of malocclusion (63.8 per cent) registered among schoolchildren in Dar es Salaam was found to be in agreement with that reported for Saudi Arabian children of a similar age ( al-Emran et al. , 1990 ) , lower than that reported by Rwakatema et al. (2006) , but much higher than those obtained in previous studies among Tanzanian children ( Kerosuo et al. , 1991 ; Mugonzibwa et al. , 2004 ) . Differences in the registration methods may explain the variability of the fi ndings.
Sagittal molar occlusion.
In accorance with the fi ndings of previous studies ( Lew et al. , 1993 ; Ng'ang'a et al. , 1996 ; Silva and Kang, 2001 ; Thilander et al. , 2001 ; Abu Alhaija et al. , 2005 ) , the predominant sagittal molar relationship among Tanzanian schoolchildren was Angle Class I (93.6 per cent). The prevalence of a Class II molar relationship (4.4 per cent) was in line with the previous investigations from Tanzania ( Kerosuo et al. , 1988 ; Mugonzibwa et al. , 1990 ) , but was lower than that reported among Swedish adolescents and Swedish Eastern European and Asian immigrants ( Josefsson et al. , 2007 ) . Moreover, the prevalence of a Class III molar relationship (2 per cent) compares with that found by Mugonzibwa (1992) but lower than that reported by Josefsson et al. (2007) . Table 4 Percentages and number ( n ) of schoolchildren with malocclusion according to district, dental caries, and oral hygiene status; logistic regression, odds ratios (ORs), and 95% confi dence intervals (CIs). Adjusted for age, gender, parental educational status, and urban/rural residency.
Sum score of malocclusion >0 Midline shift present Angle Class II and III Open bite present Mandibular overjet. The occurrence of a mandibular overjet was in agreement with that observed in Colombian children ( Thilander et al. , 2001 ). The differences in the prevalence between Class III (2 per cent) and mandibular overjet (8.4 per cent) observed in the present study may indicate a functional anterior crossbite ( Thilander et al. , 2001 ) . However, the possibility of early loss of upper primary canines, leading to palatal tipping and/or distal migration of the upper permanent anterior teeth, cannot be excluded.
Maxillary overjet. The prevalence of an increased overjet ( ≥ 5 mm, 11.5 per cent) found in the present investigation was in agreement with previous studies among Tanzanian and Kenyan children ( Kerosuo et al. , 1988 ; Ng'ang'a et al. , 1996 ) , lower than that reported among Saudi children ( al-Emran et al. , 1990 ) but higher than that observed by Mugonzibwa (1992) . Differences in the defi nition of an increased overjet between the studies might have contributed to the variations in the reported results.
Overbite. The majority of children in the present sample had a normal overbite. A severe deep bite that exceeded 5 mm was rare (0.9 per cent). This is in accord with a previous fi nding among Tanzanian children with a complete permanent dentition (ES4) ( Mugonzibwa et al. , 2004 ) . Most of the children in this study had full eruption of the premolars and second molars, which might have stabilized their occlusion resulting in a decreased prevalence of a deep bite ( Thilander et al. , 2001 ).
Open bite. An AOB (15 per cent) was a more common vertical occlusal anomaly. Its prevalence in the present study was close to that reported by Mugonzibwa et al. (2004) in children in ES4. Thilander et al. (2001) pointed out that an AOB is more frequently observed in black than in white American adolescents, indicating that its occurrence might be genetically determined. This results in a longer lower face and a higher mandibular plane angle in black adolescents. However, environmental factors such as mouth breathing associated with a warm climate ( Lamberton et al. , 1980 ) as well as prolonged sucking habits after eruption of the permanent incisors ( Larsson and Bishara, 2003 ) , might have played a role. In this study, the prevalence of an open bite was higher in girls with a sucking habit than in boys. The prevalence of prolonged sucking habits was 15.2 and 7.4 per cent in girls and boys, respectively (data not shown). Nevertheless, a lateral open bite was rare and its occurrence compares with that reported by Laine and Hausen (1983) and al- Emran et al. (1990) .
Transverse anomalies. The prevalence of a crossbite (5.1 per cent) was in agreement with that reported in the literature ( Kerosuo et al. , 1988 ) , but lower and higher than those reported by Mugonzibwa (1992) and Abu Alhaija et al. (2005) , respectively. A posterior crossbite has been considered as a consequence of sucking habits which differ between different populations ( Abu Alhaija et al. , 2005 ) . On the other hand, the present prevalence of a scissor bite (14.3 per cent) was much higher than reported in earlier studies ( Mugonzibwa et al. , 1990 ( Mugonzibwa et al. , , 2004 Kerosuo et al. , 1991 ; Ng'ang'a et al. , 1996 ; Abu Alhaija et al. , 2005 ) . A midline shift (22.5 per cent) was the most common anomaly in this study; its frequency was much higher than that found among Kenyan and Saudi children ( al-Emran et al. , 1990 ; Ng'ang'a et al. , 1996 ) . This high prevalence of a midline shift might have been caused by unilateral premature loss of primary teeth, particularly primary canines ( Hollander and Full, 1992 ) .
Space discrepancies. Spacing of 2 mm or more (21.9 per cent) was the second most common anomaly present. Its prevalence was in agreement with that reported among rural Nigerian children ( Otuyemi and Abidoye, 1993 ) but lower than that among Tanzanian children ( Mugonzibwa et al. , 1990 ) . Large arches in black people might explain the occurrence of more spacing than crowding ( Abu Alhaija et al. , 2005 ) . The prevalence of crowding (14.1 per cent) was similar to that observed by Gábris et al. (2006) and Kerosuo et al. (1988) . Furthermore, both crowding and spacing were found more often in the upper than lower arch (data not shown). This fi nding was in agreement with that observed among Kenyan children ( Ng'ang'a et al. , 1996 ) .
Dental caries, oral hygiene, socio-demographic variables, and malocclusions. By examining the relationship between malocclusions, dental caries, oral hygiene, and sociodemographic characteristics using multiple logistic regression analysis, it was possible to compare the strength of the infl uence from each. Children with caries experience (DMFT > 0) were almost two times more likely to have any type of malocclusion (sum score of malocclusion > 0) compared with their counterparts without caries experience (DMFT = 0). Similar results were obtained by Gábris et al. (2006) among Hungarian adolescents. Moreover, Stahl and Grabowski (2004) reported that dental caries and premature loss of primary teeth are predisposing factors for occlusal and space anomalies in the mixed and permanent dentition. In addition, schoolchildren with DMFT >0 were two times more likely than their counterparts without caries experience to be diagnosed with a midline shift. This fi nding is consistent with that found in Israeli children ( Ben-Bassat et al. , 1997 ) . A midline shift may be a result of a unilateral loss of the primary canine or fi rst molar due to caries ( Mitchell, 2005 ) . Dental caries was further associated with an Angle Class II/III molar relationship, where children with DMFT >0 were two times more likely to be diagnosed with an Angle Class II/III than children with no caries. A similar fi nding was reported by Ben-Bassat et al. (1997) . Untreated proximal caries in primary molars or early loss of a second primary molar may lead to forward drift of the fi rst permanent molar, promoting the change in molar relationship ( Graber, 1972 ; Koch and Poulsen, 2001 ; Mitchell, 2005 ) . Thus, some of the children with an Angle Class II or Class III malocclusion recorded in the present investigation might, indeed, have a neutral skeletal relationship. Lastly, the likelihood of being diagnosed with an open bite was almost two times more in children with dental caries than in children without caries. Corresponding results were reported by Peres et al. (2007) among Brazilian children. Reduced salivary fl ow in children with an AOB and with a mouth breathing habit may have enhanced susceptibility to dental caries ( Thylstrup and Fejerskov, 1994 ) . A considerable difference in the occurrence of an open bite was observed in the two districts; children from Temeke were almost two times more likely than their Kinondoni counterparts to be diagnosed with that anomaly. This result might refl ect the role of environmental factors in the occurrence of an open bite, with children from Temeke being not only less socio-economically privileged but also prolonged fi nger suckers to a larger extent than their counterparts from Kinondoni.
Regarding oral hygiene in this study, children with fair/ poor oral hygiene were less likely than their counterparts with good oral hygiene to be diagnosed with a midline shift. In contrast, Helm and Petersen (1989b) found higher scores for gingivitis and periodontal pocketing in subjects with various malocclusions.
Conclusions
The prevalence of malocclusions in Tanzanian primary schoolchildren is comparable with that observed in similaraged children from non-industrialized communities. The most prevalent malocclusion traits were a midline shift, spacing ( ≥ 2 mm), and an open bite. The most important fi nding in this study was the identifi cation of environmental factors (caries experience and residing in a less affl uent district) associated with malocclusion. This information is relevant for oral health policy making i.e. planning preventive measures. 
